Introduction
Nonocclusive mesenteric ischemia (NOMI) is a condition in which mesenteric artery spasm causes ischemia and necrosis of the intestine in the absence of vascular obstruction. Although the incidence of NOMI following open heart surgery is as low as 0.2-2%, the prognosis is extremely poor with a mortality rate of 30-100%
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Presentation of case
The patient is a 77-year-old man who underwent aortic valve replacement for aortic stenosis. The operative time was 9 h and 23 min, and the cardiopulmonary bypass time was 257 min. He was admitted to the intensive care unit (ICU) postoperatively.
At the time of ICU admission, the serum lactate level was 2.92 mmol/L, but 5 h after ICU admission, the serum lactate markedly increased to 10.96 mmol/L, raising suspicion for the development of intestinal ischemia. Contrast-enhanced computed tomography (CT) scan of the abdomen and angiography of the superior mesenteric artery (SMA) were performed ( Fig. 1(A) ). Although there was no evidence of occlusion of the SMA on the CT scan, poor contrast enhancement was found in some areas of the small intestine with narrowing and blocking of distal branches of the SMA ( Fig. 2) , leading to the diagnosis of NOMI. Continuous intra-arterial infusion of papaverine was started via a catheter placed in the SMA. Despite a 9-h infusion of papaverine, the serum lactate level was still 9.46 mmol/L. Emergent exploratory laparotomy was then performed ( Fig. 1(B) ), with no obvious ischemic changes of the intestine seen intraoperatively. Postoperatively, the intraarterial infusion of papaverine was continued, with moderate improvement in serum lactate level. However, serum lactate level again increased markedly to 12.81 mmol/L after 33 h of intraarterial infusion therapy. Angiography was performed again, which showed diffuse narrowing and lack of flow in distal branches of the SMA with suspicion of dislocation of the intra-arterial infusion catheter. During the procedure, a trial of alprostadil injection into the SMA was performed, resulting in dilatation of narrowed arteries. The decision was made to perform a second exploratory laparotomy ( Fig. 1(C) ). Intraoperative findings showed ischemic changes in the celiac artery distribution extending from the stomach to the descending limb of the duodenum with extensive segmental ischemic changes in the SMA distribution (Fig. 3 ), but no areas appeared to require resection at that time. The decision was made to leave the abdomen open with continuous intra-arterial infusion of alprostadil postoperatively. Lactate levels decreased and eventually returned to a normal level of 1.44 mmol/L with no symptoms suggestive of intestinal necrosis after 48 h of infusion. Another angiography study showed no narrowing or arterial obstruction ( Fig. 1(D) ). Eight days after the second operation, inspection of the bowel during abdominal wall closure revealed no ischemic changes of the intestinal tract. The patient was discharged from the ICU two days later.
However, the patient developed fever and right lower quadrant abdominal pain two days following ICU discharge. A third laparotomy was performed, and ileal necrosis was found 20 cm proximal to the ileocecal valve, requiring resection and ileostomy. Postoperatively, the patient was admitted to the ICU for continuous intra-arterial infusion of alprostadil for another 48 h. The patient was discharged to a chronic care facility 62 days after the original operation. Fig. 3 . Intraoperative findings at the second laparotomy, 38 h after Intensive Care Unit admission. Extensive segmental ischemia is observed.
Discussion
We present a patient who developed NOMI after aortic valve replacement but survived after receiving continuous intra-arterial infusion of alprostadil and three laparotomies. Continuous intraarterial administration of a vasodilator through an indwelling abdominal angiographic catheter is considered to be the first-line treatment of NOMI, and papaverine is commonly used [3, 4, 7] .
Papaverine was initially used in this patient at the time of establishing the diagnosis of NOMI. The serum lactate levels temporarily decreased but increased again, together with extensive ischemic changes not amenable to resection. During the second arteriography procedure, although a dislocation of the catheter could not be ruled out, we raised the possibility that NOMI in this case was not responsive to papaverine infusion, and selected intra-arterial infusion therapy with PGE1 after documenting that this patient was a PGE1 responder.
After intravenous administration, 68% of PGE1 is metabolized in the lung, while the remaining unmetabolized portion acts on prostanoid receptors of the vascular smooth muscle to increase intracellular cAMP, thus exerting a vasodilatory effect. PGE1 not only inhibits platelet aggregation but also improves peripheral circulation. These effects are also observed after systemic administration of PGE1, and PGE1 is usually administered at a dose of 10-15 g/day in patients with chronic peripheral arterial disease [8] .
There have been sporadic reports describing PGE1 therapy for patients with NOMI. A search of PubMed using keywords of "alprostadil" and "acute mesenteric ischemia" identified four studies. Mitsuyoshi et al. [5] reported that surgery was performed for 11 of 13 patients who were not given PGE1 and only four of them survived, whereas surgery was not required in eight of nine patients who were given systemic intravenous administration of PGE1 (0.03 g/kg/min) and seven of them survived. In addition, Kamimura et al. [9] reported three patients treated successfully with the systemic intravenous administration of PGE1 (0.01 g/kg/min). Weiss et al. [10] reported that patients given an intra-arterial infusion of PGE1 at a dose of 40 g/day via an arterial catheter placed in the SMA survived. They concluded that intraarterial infusion therapy with PGE1 is the only effective treatment for patients with NOMI.
In the present patient, a second-look laparotomy revealed unresectable extensive ischemic changes in the small intestine. However, when intra-arterial PGE1 was administered at a dose of 40 g/day through a catheter in the celiac artery and the SMA, the serum lactate level markedly improved. A third-look laparotomy also revealed improvement in the previously ischemic areas. Thus, intra-arterial infusion therapy with PGE1 appears to be a very promising treatment.
According to the literature, systemic intravenous administration of PGE1 requires a massive dose (720-2160 g/day in patients weighing 50 kg) [5, 9] . Currently, this drug is not approved for the treatment of NOMI, which suggests that the drug cost should be borne by the hospital under the rules of the Japanese National Health Insurance system. However, because this patient survived after receiving an intra-arterial infusion of PGE1 at a dose of 40 g/day according to the method of Weiss et al., we believe that intra-arterial infusion therapy is a more cost-effective treatment of NOMI than its intravenous administration. Further studies are needed to verify or refute this concept.
When NOMI is associated with intestinal necrosis, the standard treatment is resection of the necrotic area. Postoperatively, however, the remaining intestine is susceptible to subsequent ischemic changes, and additional resections are often required [11, 12] . In this patient, intestinal resection was eventually required, but the extent of resection was limited most likely because blood flow to the ischemic area was improved by the potent vasodilating effect of PGE1. A strategy of continuous PGE1 administration combined with second-look surgery appears to be useful for avoiding intestinal resection or by limiting the extent of resection when resection is necessary.
Conclusion
In a patient with recurrent NOMI despite appropriate treatment including intra-arterial infusion of papaverine, continuous intraarterial infusion of PGE1 may limit the extent of intestinal resection needed. Continuous intra-arterial infusion of PGE1 may be a useful treatment for patients with refractory NOMI.
